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[57) ~ ABSTRACT

Process for producing a 1-naphthyl carbamate by react-
ing l-naphthyl with methyl isocyanate utilizing an
anion exchange resin catalyst treated to convert weak-
base groups to their catalytically active free amine form -
while maintaining any strong-base groups in their cata-
lytically inactive salt form.
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PROCESS FOR PRODUCTION OF I-NAPHTHYL
METHYLCARBAMATE |

This invention relates to a process for the production

of 1-naphthyl methylcarbamate. More particularly, this

invention relates to a process employing improved cata-

lysts for the reaction between l-naphthol and methyl
isocyanate to produce 1-naphthyl methylcarbamate.

- In general, reactions between compounds containing
isocyanate groups and hydroxyl substituted organic
compounds to form carbamates are well known. The
products of such reactions range from familiar polyure-
thane polymers to sophisticated pharmaceutical and
insecticidal molecules.
- A particularly well known insecticidal product is

1-naphthyl methylcarbamate. This product is generally
produced by the reaction of 1-naphthol with methyl
isocyanate in the presence of an effective amount of a
catalyst such as an anion exchange resin catalyst having
either tertiary polyamine functionality or quaternary
ammonium functional groups. Advantageously, the use
of these type catalysts eliminate the problem of catalyst

removal from the final product because the catalyst

does not become a part of the reaction solution. In addi-
tion, the catalyst also lends itself to the use of a flow
process over a fixed bed catalyst with the attendant
economic advantages that this approach offers.
Unfortunately however, the conventional commer-
cial technique for producing 1-naphthyl methylcarba-
mate also produces as a by-product 1-naphthyl 2,4-
dimethylallophanate. The presence of this by-product
in the reaction is objectionable from a practical com-
mercial standpoint due to detrimental effects on desired
product purity and the additional expense and effort
required to separate the undesirable by—product from
the reaction medium. |

Accordingly, it is an object of the present invention

to provide an improved process for producing 1-napht-
hyl methylcarbamate by reaction of l-naphthol with
methyl isocyanate in the presence of a suitable anion
exchange resin which serves as a catalyst for the reac-
tion.

Another object is to pmwde an improvement in the
conventional process for producing 1-naphthyl methyl-
carbamate whereby the formation of the undesirable
by-product 1-naphthyl 2,4-dimethylallophanate is either
entirely eliminated or is significantly reduced in the
reaction medium, particularly in the case where the
catalyst is regenerated for continued use in the process.

These and other objects of the present invention will
become apparent from the following descrlptlon of the

invention. |
Various techniques were tried in an effort to mini-

mize or eliminate the formation of the by-product 1-
‘naphthyl 2,4-dimethylallophanate in the reaction of
1-naphthol with methyl isocyanate utilizing as catalyst
the conventional anion exchange resins. During the
course of investigation it was found that the type of
anion exchange resin utilized for the reaction played a
significant role in the production of undesirable by-pro-
duct 1-naphthyl 2,4-dimethylallophanate. It was found
for example that, in general, both weak-base and strong-
base anion exchange resins are catalysts in chemical
processes: weak-base resins contain amine functional
groups, while strong-base resins contain quaternary
ammonium functional groups. These two groups be-
have differently in reactions with chemicals, and often
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behave differently as catalysts. For example, a weak-

base tertiary amine resin reacts with hydrochloric acid,
changing the group to a quaternary ammonium chlo-
ride, which is normally inactive catalytically. The free
base i1s conventionally regenerated by reaction with an
inorganic base such as sodium hydroxide.

A strong-base quaternary ammonium resin in the
hydroxide form also reacts with hydrochloric acid to
form a quaternary ammonium chloride salt, and can
conventionally be regenerated to the hydroxide form
with sodium hydroxide solution. The two resins differ,
however, in their reactions with inorganic salts. For
example, the hydroxide function of strong-base resins
can be replaced with the anions of salts such as sodium
chloride, whereas sodium chloride will not react with
the tertiary amine groups of weak-base resins. This fact
is used analytically, when a resin contains both weak-
base and strong-base functional groups, to determine
the amounts of each group present. For example, the
ability of the resin to take up chloride ion from sodium
chloride solution is measured, to determine strong-base
capacity whereas the ability to accept additional chlo-
ride from hydrochloric acid is measured to determine
weak-base capacity.

We discovered that resins sold as weak-base resins do
in fact have some proportion of strong-base functional
groups, although this fact is often disguised because
those groups are in the salt form, while the weak-base
groups are in the free base form. Thus the resin initially
behaves solely as a weak base resin. When it is necessary

‘to regenerate the resin, however, this is conventionally

done with sodium hydroxide solution, so the strong-
base groups are converted to the hydroxide form.

The consequences of the presence of strong-base
functional groups in weak-base resins, may be that
strong-base groups catalyze undesired reactions. We
found this to be true in the synthesis of 1-naphthyl me-
thylcarbamate from 1-naphthol and methyl isocyanate,
which is catalyzed by weak-base resins, such as “Am-
berlyst” A-21, “Amberlite” IRA-35, “Duolite” A-561
and “Dowex” MWA-1. After catalyst regeneration by
conventional procedures, it was observed that large
proportions of 1-naphthyl 2,4-dimethylallophanate
were formed in the reaction. In another attempt to re-
generate the catalyst using alternate suggested prior art
procedures, we tried regenerating the catalyst with
aqueous ammonia, however the by-product 1-naphthyl
2,4-dimethylallophanate was still significantly produccd
together with the desired product.

During the course of our experimentation we trled
regeneration of the catalyst by employing ammonium
chloride and ammonium hydroxide to change the chlo-
ride form of weak-base groups to the free base form,
while leaving the strong base groups in the chloride
form. We discovered that according to this procedure,
that the desired product 1-naphthyl methylcarbamate
was produced in the reaction without simultaneously
producing to any significant amount the undesired by-
product l-naphthyl 2,4-dimethylallophanate even
though the catalyst was regenerated repeatedly.

Broadly contemplated therefore, the present inven-
tion provides an improvement in the process for pro-
ducing 1-naphthyl methylcarbamate, by reacting 1-
naphthol with methyl isocyanate in the presence of an
effective amount of an anion exchange resin catalyst
containing a major portion of weak-base functional

- groups in the form of free amino functional groups and

a minor portion of strong-base groups in the form of
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quaternary ammonium functional groups, whereby dur-
ing reaction said weak-base groups are converted to the
catalytically inactive salt form, the improvement which
comprises treating said anion exchange resin to convert
sald weak-base groups to their catalytically active free
amine form while substantially maintaining said strong-
base groups in their catalytically inactive salt form.

In general, the anion exchange resin catalyst is
treated by a regeneration technique whereby an aque-
ous solution containing ammonium hydroxide and am-

monium chloride i1s directed in contact with the ion
exchange resin catalyst, which is preferably contained
in a column under conditions whereby the weak-base

groups in salt form are converted to the free-base form
and the strong-base groups remain in their catalytically
inactive salt-base form.

The catalysts useful in the practice of the invention
can be described generically as synthetic aryl resins
consisting essentially of a hydrocarbon skeleton and
carrying a major portion of “weak-base” groups such as
polyamine groups and a minor portion of “strong-base”
groups such as quaternary ammonium functional groups
in their salt form. The term major portion is intended to
connote amounts in excess of 50% by weight whereas
the term minor portion 1s intended to connote amounts
below 50% by weight. Since little or no by-product is
produced with catalysts containing little or no strong-
base groups or strong-base groups in their salt form, it is
preferred to employ catalysts containing as few strong-
base functionality groups as possible or to maintain the
strong-base groups during regeneration of the catalysts
in their catalytically inactive salt form.

The mechanical structure of the resin skeleton is not
critical to the practice of the invention. Illustrative of
the types of backbone structures which may be used for
the catalyst are solid cross-linked polymers of vinyl
aromatic compounds, such as styrene, or vinyl toluene
or cross-linked copolymers of vinyl aromatic com-
pounds with other monoethylenically unsaturated com-
pounds such as isobutylene, acrylonitrile or its homo-
logues, acrylamide or its homologues and methyl acry-
late or methacrylate or its higher alkyl homologues. Ion
exchange resins of this type and their preparations are
well known and are readily available as commercial
products. For example, anion exchange resins sold by
the Rohm and Haas Company under the “AMBER-
LITE” trademark, particularly, ‘“Amberlite IRA-45;”
“Amberlite IRA-68 and “Amberlite IRA-93,” as well
as “AMBERLYST A-21” sold by the same company
are tllustrative of useful anion exchange resins having
tertiary polyamine functionality which may be used in
the practice of this invention. “DOWEX MWA-1” sold
by the Dow Chemical Company, and “DUOLITE
A-561" sold by the Diamond Alkali Chemical Com-
pany, are additional examples of this class of anion ex-
change resins.

The anion exchange resins useful in accordance with
this invention may be either of the gel type or of the
macroporous or macroreticular type.

The process of this invention is preferably carried out
In a continuous flow system. Thus, small particles of the
10n exchange resin catalyst usually in the form of beads
are contained in a column and a solution of the reactants
caused to flow through the resin bed. The reaction
occurs while solution is in contact with the catalyst.
After the solution has passed through the catalyst bed,
the product is separated from the solvent and unreacted
starting materials removed by conventional means such
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as crystallization or distillation, as dictated by proper-
ties of the solution and its components. Solvents may be
used if desired, provided they are inert to the reactants
and the ion exchange resin, under the reaction condi-
tions. The solvent selected should, adequately, dissolve
both the reactants and the product at or below the reac-
tion temperature. The solvent should not, however, be
capable of dissolving the ion exchange resin catalyst.
Examples of typically useful solvents are benzene, tolu-
ene, xylenes, ethyl benzene, pentane, hexane, heptanes,

chloroform, and carbon tetrachloride.
Reaction temperatures are not critical in the practice
of this invention. According to the preferred procedure,

reaction temperatures are dictated largely by practical
considerations depending upon the reactants employed.
Typical reaction temperatures in the applicable reac-
tions range between 20° and 100° C. Parameters which
must be taken into consideration in selecting the reac-
tion temperature include the solubilities of reactants and
product 1n the solvent, the boiling point of the solvent,
the reaction rate, and the maximum use temperature
which is practical for the ion exchange resin catalyst to
achieve maximum catalyst life in a manner consistent
with the achievement of the desired reaction rate. Gen-
erally, the reactions between hydroxy substituted or-
ganic compounds and compounds containing i1socya-
nate groups are exothermic in nature and, therefore,
some means, such as water-jacketed reactor should be
provided to maintain the temperature below the se-
lected upper limit.

Pressure 1s not a significant factor in the conduct of
the reaction. Atmospheric pressures are quite satisfac-
tory except that in a continuous flow system there must
be provision made to provide for sufficient pressure
behind the flow of the reaction solution to force it
through the resin bed. Ordinarilly, a pressure drop
across the resin bed of less than 2 pst per foot of bed
depth is satisfactory for this purpose. The flow rate in
continuous flow systems is normally in the range of 1 to
50 volumes of solution per volume of 1on exchange resin
per hour.

It 1s normally desirable to maintain an essentially 1 to
1 stoichiometric ratio between the reactants, except in
those instances where an excess of hydroxy substituted
organic compound is used as a solvent or where an
incomplete reaction 1s desired.

After a short period of use the weak-base groups of
the catalyst, although initially in free-base form are
converted to the salt form which renders the catalyst
substantially inactive. The strong-base groups initially
were and still are in salt form and are substantially cata-
lytically inactive. The resin must be treated to convert
the weak-base groups back to the free-base form, but the
treatment must prevent conversion of the strong-base
group to the hydroxide form which would increase the
formation of undesirable by-product. The regeneration
of the catalyst must therefore be performed with the
above objectives.

According to the present invention the technique for
accomplishing the above is accomplished by directing
an aqueous solution containing ammonium hydroxide
and ammonium chloride through the column in contact
with the catalyst contained therein.

The relationship of the ratios of the ammonium hy-
droxide and ammonium chloride should be such that the
treatment leaves substantially all of the guaternary am-
monium groups (strong-base group functionality) in the
chloride form and converts the chloride form of the
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amine groups to the free-base form. In general, this can
be accomplished with a solution containing about 2 to
about 12 percent by weight, preferably about 6 to about
10 percent ammonium chloride and about 1 to about 10
percent by welght preferably about 3 to about 5 per-
cent ammonium hydroxide.

6

overflowed into a jacketed water-cooled flask which

served as crystallizer. Periodically the 1-naphthyl me-
thylcarbamate-toluene slurry was drained and the crys-

. tallized 1-naphthyl methylcarbamate recovered. At the

J

Amounts of hydroxide substantially in excess of -

about 10 percent by weight result in a substantial con-

version of the quaternary ammonium groups to the
hydronde form notwithstanding the presence of the
ammonium chloride.

Normally the ammonium chloride concentration
should be higher than the ammonium hydroxide con-
- centration, so that, in the competition for chloride be-
tween ammonium ions in solution and quaternary am-
monium ions attached to the resin, there will be suffi-
cient chloride to insure that essentially all of the resin’s
quaternary ammonium groups are in the chloride form.

In an alternate but less preferred procedure, the spent
catalyst is regenerated by treatment with a sodium hy-
droxide solution and thereafter treated with ammonium
chloride solution so that any hydroxylated strong-base
groups of the resin are converted back to the chloride
form (catalytically maetwe) By this treatment the
weak-base groups of the resin remain in free form.

In general the reaction condltlons, e.g. the ratios of
the sodium hydroxlde and ammonium chloride temper-
atures and pressures are the same as employed in the
preferred procedure.

The temperatures and pressures utilized for the treat-
ment of the catalyst are not critical. Ambient tempera-
ture is satisfactory, and the only limitations on tempera-
ture are that the solution components be in the liquid
phase, and that the manufacturer’s recommended upper
temperature limit for the resin not be exceeded. The
pressure need be only enough to overcome the pressure
drop through the resin bed. ’

The following Examples are presented to more
clearly illustrate the invention:

Examples I-1V illustrate the conventional produetlon
of 1-naphthyl methylcarbamate

EXAMPLES I-1V

A one inch (interior _diemetef) by 23 inch glass tube,
jacketed for temperature regulation, was charged with

Rohm and Haas Company “Amberlyst A-21” ion ex-
change resin which had been rinsed w1th methanol,

dried and soaked in toluene.

The resin had a major portion of weak-base func-
tional groups in free base form and had a minor portion
of strong base groups in chloride form.

The amount of dry resin used was 100g. A mlxture of
toluene, 1-naphthol and methyl isocyanate (MIC) was
pumped from a heated flask up the reactor. The reactor
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end of a run, toluene was pumped through the resin bed
to rinse out the reaction solution. The results of four
replicate experiments are given in Table I below:

TABLE I

CONTINUOUS REACTIONS
REACTION OF MIC WITH 1-NAPHTHOL OVER
AMBERLYST A-21 ION EXCHANGE RESIN

Example Number [ I1 II1 IV
Feed Composition, wt. %:

1-Naphthol 18.0 18.1 18.0 17.9
MIC (methyl 1socyanate) 7.2 6.3 7.2 1.5
Toluene 74.8 75.6 74.8 74.6 -
MIC: 1-Naphthol mole ratio: 1.01 0.87 1.01 1.05
Feed Rate, cc/min.: 40 25 25 32
‘Temperature, °C.: Jacket: 85 84 83 83
Reactor Bottom 76 84 74 74
‘Reactor Middle 94 91 93 92
Reactor Top 87 87 88 88
Product (1-Naphthyl ’
methylcarbamate) Yield, % 85.3 86.5 91.2*  88.2
Productivity: | |

Ib. Product/1b Resin/hr 5.4 2.4 3.2 4.2
Product Purity: 99.8 99.8 99.8 —

*Includes second crop of crystals.

According to the above procedures, signiﬁeant

amounts of the by-product 1-naphthyl 2,4-dimethylallo-

phanate are produced in the reaction which as stated
previously is objectionable from a commercial stand-
pemt

Examples VI-XVI demonstrate the continuous prep-
aration of 1-naphthyl methylcarbamate and the regener-
ation of the “Amberlyst” A-21 catalyst. In Example V
the resin was not subjected to regeneration treatment
and the results shown are for the initial use of the cata-
lyst as received from the manufacturer. |
- Portions (120 ml) of “Amberlyst A-21” resin catalyst
were treated by passing solutions over them as indicated
in Examples VI-XVL They were then thoroughly
rinsed with water and dried in a vacuum oven at 60° C,,
after which 80 ml was slurried in toluene and trans-
ferred to the reaction column. Toluene solutions con-
taining 8.6 percent methyl isocyanate and 17.7 percent
1-naphthol (a mole ratio of 1.23:1) were passed down
the column at the rate of 600 ml per hr. The column was
maintained at 80° C. by oil in the jacket. The product
was collected and cooled, and after most of the carbaryl
had precipitated, the remaining solution was analyzed
for percent 1-naphthyl 2,4-dimethylallophanate by hq-
uid chromatography. The results are indicated in Table
II.

TABLE II

REGENERATION TREATMENT OF AMBERLYST A-2]1 ION EXCHANGE
RESIN TO PREVENT FORMATION OF 1-NAPHTHYL 2,4 DIMETHYLALLOPHANATE
DURING SYNTHESIS OF l-NAPHTHYL METHYLCARBAMATE

FIRST TREATMENT SOLUTION SECOND TREATMENT SOLUTION _

% 1-NAPHTHYL 2,4-DIMETHYL-
ALLOPHANATE IN PRODUCT
SOLUTION, 120-MINUTE

EXAMPLE AMOUNT

Vv none none

V1 4% NaOH 300 none

VII 8% NaHCO; 300 none

VHI 3% NaCO 300 none

IX 10% CH3COONa 300 none

X -~ 8% NH40H 300 none

X1 49, NaOH 300 1% NaCl
XII(1) 4% NaOH 300 10% NaC(Cl

SAMPLE

0.1
8.2
9.5
8.5
8.8
4.3
5.1
0.9

AMOUNT, g

100
300
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TABLE II-continued

REGENERATION TREATMENT OF AMBERLYST A-21 ION EXCHANGE

RESIN TO PREVENT FORMATION OF 1I-NAPHTHYL 2,4 DIMETHYLALLOPHANATE
DURING SYNTHESIS OF 1-NAPHTHYL METHYLCARBAMATE.

FIRST TREATMENT SOLUTION

SECOND TREATMENT SOLUTION

70 I-NAPHTHYL 2,4-.DIMETHYL-
ALLOPHANATE IN PRODUCT
SOLUTION, 120-MINUTE

EXAMPLE AMOUNT
XITI(1) 4% MNaOH 300 109 CaCls
ALV 4% NaOH 300 3% NH4Cl
XV(2) Q% NH40OH } 200 none

109 NH4Cl
XVI(2) 4% MNH4OH } 400 none

109 NH4ClI

{1)80 instead of 120 ml of resin was treated in this case.
(2)100 instead of 120 mi of resin was treated in this case.

The following Examples XVII and XVIII illustrate
the regeneration treatment of “Amberlite XE-275" ion
exchange resin catalyst to prevent formation of 1-napht-
hyl 2,4-dimethylallophanate during synthesis of 1-
naphthyl methylcarbamate.

The procedure utilized was substantially identical to
the procedure for the treatment and regeneration of
“Amberlyst A-21” and the method of producing 1-
naphthyl methylcarbamate according to Examples VI-
-X V1, except that the amount of resin was 100 cc, and
water was removed by solvent exchange. The ion ex-
change resin utilized was “Amberlite XE-275” available
from the Rohm & Haas Co. The resin was regenerated
with 4% sodium solution for Example XV1II and a 10%
ammonium chloride/49% ammonium hydroxide solu-
tton for Example XVIII.

Before the reaction step, 200 cc of a 7.5 percent solu-
tion of methyl isocyanate was passed through the resin
bed. The reaction solution contained 7.8 percent methyl
isocyanate and 18.0 percent 1-naphthol, (mole ratio of
1.1:1). The results are shown in the Table.

TABLE III

Regeneration of “Amberlite” XE-275 Ion Exchange Resin to
Prevent Formation of I-Naphthyl 2,4-Dimethylallophanate
During Synthesis of 1-Naphthyl Methylcarbamate

1-Naphthyl 2,4-Dimethyl-

Treatment Solution allophanate in Product

Example Amount Solution, %
Xxvil 49, NaOH 300 cc 2.67
XVIII 109% NH4Cl

49% NH40OH 200 cc 0.04

Since various changes and modifications may be
made In the invention without departing from the spirit
thereof, the invention is deemed to be limited only by
the scope of the appended claims.

What is claimed is:

1. An improvement in the process for producing
lI-naphthylmethylcarbamate, by reacting 1-naphthol
with methyl isocyanate in the presence of an effective
amount of an anion exchange resin catalyst containing a
major portion of weak-base functional groups in the
form of free amino functional groups and a minor por-
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AMOUNT, g SAMPLE
500 0.8
100 0.1
0.2
0.1

Wﬁm—_mn—-—-w_wmm_m.mm

tion of strong-base groups in the form of quaternary
ammonium functional groups in catalytically inactive
salt form, whereby during reaction said weak-base
groups are converted to the catalytically inactive salt
form, the improvement which comprises treating said
anion exchange resin with an aqueous solution contain-
Ing ammonium hydroxide and ammonium chloride for a
time sufficient to convert said weak-base groups to their
catalytically active free amine form while maintaining
said strong-base groups in their catalytically inactive
salt form.

2. A process according to claim 1 wherein said anion
exchange resin, prior to treatment, has tertiary amine
functional groups in catalytically inactive salt form.

3. A process according to claim 1 wherein said cata-
lytically inactive salt form of said weak-base groups is
the chloride salt form.

4. A process according to claim 1 wherein said anion
exchange resin has resin skeleton consisting essentially
of a solid cross-linked polymer of a vinyl aromatic com-
position.

5. A process according to claim 1 wherein said aque-
ous solution contains an ammonium chloride concentra-
tion by weight in excess of said ammonium hydroxide.

6. A process according to claim 1 wherein said aque-
ous solution contains from about 2 to about 12 percent
by weight ammonium chloride and from about 1 to
about 10 percent ammonium hydroxide.

7. A process according to claim 1 wherein said aque-
ous solution contains from about 6 to about 10 percent
by weight ammonium chloride and from about 3 to
about 5 percent by weight ammonium hydroxide.

8. A process according to claim 1 wherein said treat-
ment for converting said weak-base groups to their
catalytically active free-form while maintaining said
strong-base groups in their catalytically inactive salt
form comprises contacting said anion exchange resin
with an aqueous solution containing sodium hydroxide
and thereafter contacting said anion exchange resin
with an aqueous solution containing ammonium chlo-

ride.
e e e 1 i
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